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Abstract 


Parametric variation of a microstrip line coupled dielectric resonator 
antenna with an inclined and offset slot in the common ground plane 
has been analyzed. Excitation of the TE,,, mode in this configuration is 
Studied. It is also seen that the slot geometry and offset can be 
optimized to excite the higher order TM,,, mode. Ansoft HFSS is used 
to analyze the proposed antenna configuration. The proposed antenna 
can be applied to IEEE802.11 WLAN systems. 
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DRA Overview 


LI Traditionally dielectric resonator (DR) used in microwave circuits, such 
as oscillators and filters. 


LIWhere DR is normally made of high permittivity material, with 
dielectric constant e, » 20 , usually treated as energy storage device. 


LJIf less value of dielectric constant used then DR can be used as radiator 
rather than energy storage device. 


LISize of the DRA is proportional to 4./vé , where A^, is free space 
wavelength at resonant frequency, and e, 1s the dielectric constant of the 
material. So antenna militarization can be achieved with DRA. 


LIHigh radiation efficiency can be maintain even at millimetre wave 
frequency, due to absence of surface wave and minimal conductor losses 
associated with the DRA. 


DRA Overview 


[High power capability, as the dielectric constant is high. 


LI Wideband especially as compared to microstrip antennas, with some 
geometries achieving bandwidths of 50% or even higher. 


[Can be of low profile, as for some geometries their height can be as 
small as 0.05 4 . 


[Can be used in a wide range of applications, including mobile wireless 
communication, satellite systems, GPS, and indoor communications. 


DRA Shapes 


LIDRA can be of various shapes such as rectangular, cylindrical, 
hemispherical, low profile circular disk, low profile triangular disk 





DRA feeds 


LIDRA can be fed with number of ways such as coaxial probe, aperture 
coupled with microstrip feedline, aperture coupling with coaxial feedline, 
coplanar feed and conformal strip feed. 





| aperture coupled 
coaxial probe with microstrip aperture coupling 
feedline feedline with coaxial feedline 





Modes in Hemispherical DRA 


[The modes in dielectric sphere can be divided into transverse electric (TE) 
and transverse magnetic (TM) modes. 


LIThe TE modes is characterised by having zero value for the radial 
component of the electric field (E, =0). 


[d The TM modes is characterised by having zero value for the radial 
component of the magnetic field (4, =0). 


_IThere are two fundamental modes in hemispherical DRA (HDRA), TE 
and TM,., modes. 


101 


111 


AJ IE, whose radiation pattern is similar to that of a short horizontal 
magnetic dipole. 


LÌ TM „whose radiation pattern is similar to that of a short vertical electric 
monopole. 


Characteristics equation for DRA [15] 
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J - First kind of Bessel function 
HQ - Second kind of Hankel function 
a - Radius of dielectric sphere 
&+q- Permittivity of dielectric sphere 


Hra- Permeability of dielectric sphere 
k - wave number 


CO - Complex radian frequency 


Source Free Resonant frequency for Hemispherical DRA [16] 


-JCharacteristics equation for TE, , , is sven by 
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Resonant frequency, f, — 


, where, Re(k,a)=2.8316870.47829 


LÌ Characteristics equation forTM,,, is given by 
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J - First kind of Bessel function 
H) - Second kind of Hankel function 
a - Radius of dielectric sphere 
Cra - Permittivity of dielectric sphere 
k, - Free space wave number 


Resonant frequency, f _4.7713Re(k,a) 
GHz Cem 


Where, Re(k,a)=4.477226¢-0-505 


Source Free Resonant frequency for Hemispherical DRA 


For, a—1.27cm 
E —20 


Resonant frequency for /E,, 22.5386 GHz 


Resonant frequency for /M,,, 23.705 GHz 


Antenna configuration 


Ground plane 


Hemispherical DRA 
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Microstrip Reference 
feed line plane 
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Geometry of the microstrip feedline inclined slot coupled hemispherical DRA (a) Top view, 


(b) side view. 


Reflection coefficient for microstrip slot-coupled HDRA for various slot length L, 


Reflection Coefficient (dB) 
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Reflection coefficient for microstrip slot-coupled HDRA for various Soff 
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» For $ , up to 3mm resonance is coming due to TE;,, mode and after Soff = 3mm next higher 
order mode TM,,, is also excited. 


Reflection coefficient for microstrip slot-coupled HDRA for various inclination angle 0. 
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» The resonant frequency 2.29 GHz is unaltered with change in the slot inclination. 
> Thus the slot inclination can be used as an impedance matching parameter to match the DRA to the 
feedline. 


Reflection coefficient for microstrip slot-coupled HDRA for various slot length L, 
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Reflection coefficient for microstrip slot-coupled HDRA for various inclination angle O, 
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> The resonant frequency is unaltered with change in the slot inclination. 


simulated E and H-plane radiation patterns for microstrip slot-coupled DRA for no 
inclined slot angle and with no offset. 
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simulated E and H-plane radiation patterns for microstrip slot-coupled DRA for 
inclined slot angle and with no offset. 
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simulated E and H-plane radiation patterns for microstrip slot-coupled DRA for no 
inclined slot angle and with offset slot. 
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simulated E and H-plane radiation patterns for microstrip slot-coupled DRA for 
inclined slot angle and with offset slot. 
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Conclusions 


LJ A parametric variation of inclined and offset slot coupled hemispherical DRA excited with the 
microstrip line has been studied. 

L It is seen that good coupling to the TE,,, mode of the DRA can be achieved for a centrally located 
slot with the slot inclination angle less than 60°. 

L The reflection coefficient show almost no change in the resonance frequency with slot inclination. 

I The microstrip stub length has to be adjusted to tune out the slot impedance with varying 
inclination of the slot. 

L The higher order TMo, mode of the DRA excited by displacing the slot along the slot-length axis 
and by proper optimization of the slot-length. 

L The resonance frequency of the TMo; mode, like the case of the TE,,, mode, is independent of 
the slot inclination, with the resonance characteristics degraded beyond a slot inclination angle 
0. —60*. 

LI It was also found that the excitation of other higher order DRA modes is possible by proper 
selection of the slot-inclination, slot-offset and slot-length. 

L] It is also observed that for inclined and offset slot cross-pol levels is considerably higher. 
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